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r(x)xs−1 dx. a t3b
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x → r(x) 
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N([0, x]) − SN([0,x])
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+ 1 − 2P (t2 > x) .
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f(x) = r(x) − 1 2'UWBEG_>SfU%]^mTG`\Un]UfQ Y`_j\ z<Gcn]UWUWG`\ _>S f(x) = 2f(x/2) + 2P (t2 ≤ x) ¨ Q]UWG@cn_jUW]\E}^2TZ>\EG}aG`UnS UWBkG"GTik_j\lSV]Za\








(r(h) − 1)/h _>S h }aZRG@S UnZ 0 4
lim
n→+∞
2nf(x/2n)/x = r′(0) = E(R0) − E(R1) = 0.
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M  ¦d¦  D  D ¦ F   M  ¦ -TD ED4`9D §  >£CMh¦ D X ¦ F FLD>T D ¦ F   !




2−{− log2(x)}(n − 1) (1 − x)n−2 dx − 1, a nb
 - {y} = y − byc  -^ #!d	C&@	)	! # y ∈ R 7
  !d  #&7  S]\ UnBEGiEcnZRZjZjbdcWZ>ilZSV]UW]Za\t2 N = (N([0, x])) = (tn) mTG`\kZjUWGXSJ_bZ>]SnSWZa\ i<Za]\>UikcWZTYGXSWS]UnB ]\>UnG`\kSW]UfQ
1
 ¨ Q&[kSW]\k}©d[k_jUW]Za\ a   b_a\km zRQ mTG@Y`ZaFi<Z>SW]\E}_aY`Y`Zac.mT]\E} UWZUWBEG
qUqsrt^uv&w4x





















t2 ≤ x/2k, N([0, x]) = n
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 Y@YZ>cnmT]\E} UWZ bªcWZ>ilZSV]UW]Za\ ut.2JY`Za\kmT]UW]Za\l_jQZa\ UWBEGG`>G`\U {N([0, x]) = n} 2"UWBEG_acW]^_jzEG








(Ui, 1 ≤ i ≤ n)_acWGJ]\lmTG`i<G`\kmEG`\U"cn_a\kmTZaF#s_jcn]^_jzEG@Sh[E\E]ZacnFHQmT]^SfUncW]zE[TUnG@mZa\
[0, 1]
_j\km
(Un(i), 1 ≤ i ≤ n)
mTG5f
\kZjUWGXS UnBEG`]c8\kZa\gf mTG@Y`cWGX_aSW]\k}McnG`Z>cnmEG`cn]\E}l' \il_jcWUW]^Y[E^_jc42>Y`Za\kmT]UW]Za\l_jQHZa\UnBEGhG@aG`\U {N([0, x]) =
n} 2RUWBEG"s_jcn]^_jzEG t2 Bk_aS UnBEG%SW_aFGmE]SVUWcn]zk[TUW]Za\¡_aS xUn(2) 2EBEG@\kYGMUnBEG%[k_j\UW]UfQ
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ACBkGh^_aSVU G`RikcWGXSWSW]Z>\ ]S YG@_acWQ _%b-Za]^SnSVZ>\ UWc._j\kSVZacnF 2>zRQ]^mTG`\UW]QR]\k}UnBEGMY`ZRGY]G`\UnS 2>UWBE]^S Q]G`^mES
UnBEGZaZs]\E}JZacnF[k_^2RZac
n ≥ 2 2


















ZE[EzE]\E]  S ACBEG@ZacnG`F 2jUnBEGhSW[EF _a\kmHUWBkGGTi<G@YyU._sUn]Z>\Y`_j\ _aSWZ"zlGxSV]UnY.BEGXm a UnBEGhSW[EFF_a\kmES8_jcnG\kZa\gf\EG`}_sUn]>G4b2UnBEG`cnGZ>cWGC2





































2−{− log2(x)}(n − 1)(1 − x)n−2 dx − 1.
ACBkGMikcWZ>ilZSV]UW]Za\]SCikcWZs>G@m 




M  ¦d¦  D  D ¦ F      E5: !	#&!  #%-^(50/3!^5
(Rn)




2−{log2(x)−log2(y)}e−y dy + 2(1 + x) e−x − 1, x ≥ 0. a |Cb
©d[k_sUn]Z>\ a |3b8]SCFZ>cWGMGTiE]Y`]UCUnBk_j\©d[k_sUn]Z>\ a   b2T]UBk_aSC\kG`aG@cVUnBEG`G@SnS8\EZJ[lSVG]\UnBEG"_aSWQFigfUnZjUn]Y_j\l_jQRSW]^S52T©d[k_jUW]Za\ a   b ]S UnBEG%iaG@Q]mEG`\UW]UfQa
  !d  #&7 ¨ Q©8>[l_sUW]Za\ a   bC_j\km Zk[EzE]\E] SACBEG@ZacnG`F 2TZa\kGM}>GU.S
1
2



























(x exp(−x)) Za\ R+

<\R[TUnB  SJcnG@SW[EUJZa\ UnBEG_>SVQRFiTUWZaUW]^Yz<G`Bk_R]Zac%ZaUWBE]^SH_j}aZacn]UWBEF
]S}a]aG@\ zQ UnBEGZ>Zs]\k}
UnBEG`Z>cWG@F/









, n ≥ 1, a uX{Cb
 -
F (y) = 4
∫ +∞
0
2−{y−log2(x)}e−x dx. a u>u4b
 ^ #0!g5 
F
E ^&!4`  -- ^&!4` 1  -k	! #!g)8	!
"50/3!^5 (E(Rn)/n) E"@ 45! +-.+C7
qUqsrt^uv&w4x















  !d  #&7 ¨ Q©8>[l_sUW]Za\ a nb&2T]U]^SG`\EZ>[E}aBUWZZRZ3i_jUUWBEG"_aSWQRFiTUWZaUW]^Yxz<G`Bl_]ZacZa
∫ 1
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¨ QMG`s_j[k_jUW]\E}UWBkGª]\UnG`}ac._jaZjE©d[k_jUW]Za\ a n3b2Za\kGª}aG`UnS UnBk_sUUWBEG [k_j\UW]UfQ E(Rn) Y`_a\"zlG8GTiEcnG@SnSVGXm_>S
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ξkΓ(ξk − 1) e2ikπx
]UWB
ξk = 2ikπ/log 2
Zac














5000 10000 20000 30000 40000 50000
Z]}>[EcWGu 4-ACBkG"]\UWG@cWi<Za^_sUnG@mSVGX[EG`\kY`G
n → E(Rn)/n
   C! 
ACBkG%YZa\UnGRUZj-UWBkG%_j}aZacn]UWBEF _j\k_aQR`GXm]\/UWBk]SxSVGXYyUW]Za\/]^SCUWBkG"ZaZs]\E}%4  \_ YZaFFJ[E\E]^Y`_sUn]Z>\
\kGUf Zaci ]UnB¡Za\EQZ>\EG"Y.Bk_j\E\kG`2k_sUFZ>SVUZa\kG"FHGXSWSn_j}>GMY@_j\/z<GUWc._j\kSWF]UWUWG@mGX_aY.B/[E\E]UZjUW]FGa




G`TilG@cW]G`\kY`G@m   UUn]FG
t + 1
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L(t) + 1 aL(t),
BkG`cnG
a ∈ (0, 1)  ZEZacx© UWBkG`cn\EGUxUWBEGJ_a[kG%Zj a ]S 1/2   \_aiEiEcnZR]F _sUnG@mYZa[k\>Un]\k}_j}aZ>cW]UWBEFikcWZ>ilZSVGXmzRQkZ^_sefZaGU_a\kmL_jcWUW]\ 9 uau;[kSVGXS_j^SVZ SW[kY.B/_HSWG@[EG@\kYG
(L(t))
2kSWG`G Z^_sefZaGU 9   ;ZkZac
k ≥ 1 2 Gk mTG`\kZjUWGXS UnBEGSWZjefZa[kcW\ UW]FGZj (L(t)) ]\ SfU._sUnG k 2 Gk ]^S_ }>G`Z>FHG`UWcn]Y@_jQmE]SVUWcn]zk[TUWGXm]UWB/ik_acn_aFGUWG@c
ak
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 ACBE]^S G@SVUW]F _sUW]Za\
qUqsrt^uv&w4x
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, x ≥ 0. a u / b























= 0. a u@r,b
ACBEGhcn_a\kmTZaFo_acW]^_jzkG
H
]^Sd_jcnG@_amEQ iR\EZs\]\HUWBkGhmTZaF _a]\ZjY`ZaFF[E\k]Y@_sUW]Za\\EG`Uf8Z>cdiTS 2szE[TU
]\/_>G`cnQmE] ¤G`cnG`\UCcn_aFG` Zaci 4ACBEGYZa\k}aG@SVUW]Za\_aZ>]mE_a\kYGhiEBk_aSWGMZjUnBEG"A'c._j\kSWF]SnSW]Z>\I8Za\UWcnZa
bdcWZaUWZTYZ> a AhI8b b%ZaUWBEG \UWG`cn\EG`U@ \UWBE]^SY`_aSWG32 H ]^SJcWG@_jUWG@m UnZUnBEGSVUn_jUW]Za\k_acWQ mT]^SfUncW]zE[TUn]Z>\ZadUnBEGHUWBEcnZa[E}>BEiE[TU"Za _Z>\E}/AhI8b Y`Za\E\kG@YyUn]Z>\ PRG`G vx[EF _aS 5X	) 7 9   ;5 ACBEGs_jcn]^_jzEG
H
_j^SWZ
_aiEi<G@_jcnG@m]\F _sUnBEG`F _jUW]^Y`_j l\k_j\kY`GCFHZTmTG@S UWZ"mTG@SnYcn]zlG  SW]^_j\KxiTUW]Za\lS52aSWG`GhI _acWFZa\l_ 5M	)87k9 r3;5
  !d  #&7 ZkZac
k ≥ 0 _a\km x > 0 2RUnBEG`\


























Y`Za\RaG@cW}>G`\kY`G a utb"BEZ>mkS` ZEZ>cUnBEGG`Rik]^Y]UHG`TiEcWGXSWSW]Za\ ZjUnBEGmEG`\kSW]UfQ Za H 2ªSWG`GUnBEGikcWZRZjZabdcWZ>ilZSV]UW]Za\ u / Zj vh[kF_>S & 	) 7 9   ;
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 u /
BkG`\kY`G32RUWBkGM[k\E]Z>cWFY`Za\RaG@cW}>G`\kY`G a u`rCb8Bk_>S8Z>\EQUWZzlGiEcnZsaGXm ]\_YZ>Fik_aYU ]\UWG`cns_j5ªPR]\lYGMUWBEGSWG@[EG@\kYG













¨ Qvx]\k] S%ACBEG@ZacnG`F 2¤UWBEG\EZ>\gf mTG@Y`cWGX_aSW]\E}SVGX>[kG`\kY`GJZad[E\kYUW]Za\kS
(fn)
YZ>\>G`cn}aGXS !g^ #&!")  Z>\
Y`ZaFik_>YyUSVG`UnS UnZ
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! "$#%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H ) * a = 1/2
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un(1 − u) P (L(t) ≤ n)
'	12 +  , #* P (L(t) ≤ n) = P (G1 + · · · + Gn ≥ t) ,  "'3
 n ≥ 1 45 -&67389&:
*1 + &'	















, λ > 0.
:; "'3
&<=#8'3?>3*
	#8A@B*C?D7	>	7E8FG + '	 ,+  t 	'6H&'!I; ,







P (H ≥ ant) + o(1),
JKJ=LNMO.P8Q/R




































































x ≥ 0 _a\km Z(t) = L(t) − log1/a(t)
UnBEG`\UWBkG/SWG@[EG@\kYG
(Z(a−n−x))
Y`Za\RaG@cW}>G@S8]\/mT]^SfUncW]zE[TUn]Z>\ªACBEG"F _j]\cWGXSV[EUZj Z_jefZaGU 9   ;Y`_a\\kZs z<G%SfU._sUWGXm 
H   R¦      f~ ¢    ¦  D4 X D   T9DEF D4`@ D  D ¦ F  '( @l 	)-)    `E!3!g #
L(t)− log1/a(t)
E%0/#!g-	)8&[  `E!#!g :$#
F (log1/a(t))
 5!d  #&! x ≥ 0  F (x) E`C  ` 	









, x ∈ R,
 ^&! H E% !d	@`3 	!	C&)8
-[ ! `5!^`-   !d-C7chZjUnGUnBk_sUUWBkG cn_a\kmTZaF [E\lYyUW]Za\
x → F (x) ]Si<G`cn]ZTmT]^YH]UnBi<G`cn]ZRm 1 JACBkGHs_acW]^_jzEG H ]^S]\ _>YyUCYZa\lYG`\Uncn_jUWG@m _acWZ>[E\km ]UnS _aG@cn_a}aG_C_Q%cnZaF
0 a SVG@GhUnBEGxmEGUn_a]G@mSfUn[kmTQzRQ  ]UWs_i_a\kmmTG@\	¤8G`U 9 u   ;b%_j\lm cWZ>F
+∞ a G`Ri<Za\kG`\UW]^_jCmTG@Y@_QbyACBEGiEBEG`\kZaFG`\EZ>\ZjFZTmTG`c._sUnGZ>SnY]_jUW]Za\kS
a zE[TU\EZaUh_aSSWF _jEb SWG`G`\Zac <\R[TUnB  S  }aZ>cW]UWBEF ]S UnB[lS_j^SVZJUWcn[EG"]\UWBE]^SY`_>SVG>

  '%
 \ PTG@YyUn]Z>\ tg2 UWBEG_aSWQFiTUnZjUn]Y/z<G`Bk_R]Zac ZaMUnBEGSWG@[EG@\kYG
(E(Rn)
]^SmT]cWGXYyUnQZazTU._j]\EG@mcnZaF
gG`^_sUW]Za\ a nbyAZZ>zTUn_a]\UWBk]Sx]mEG`\UW]UfQ32kUWBEG"iaG`QSfUnG`ikSx_jcnG u4b UnBEGJmEG&fbZ>]SnSWZa\E]@_jUW]Za\/_j\kmtCb UWBEG[lSVG"ZahZk[EzE]\E]  SxACBEG`Z>cWG@F ]\¡©d[k_sUn]Z>\ a   b UnZcnG`FZsaGxUWBEGJSVG@cW]G@S@d \PRGXYyUn]Z>\ / 2EUnBEG iaG@QSVUWG@i¡]S_aSWZJUWBEG"[kSWG"Zj ZE[Ezk]\E]  SACBEG`Z>cWG@F]\©8>[l_sUW]Za\ a uq3b8UnZH}>GUcn]mZjUWBEG%SWG`cn]G@S@U%F _Qz<GHUWBEZ>[E}aBUUWBk_jU"UWBEGXSVG mTG@cW]s_sUn]Z>\kS_jcnGH\kG`aG@cVUnBEG`G@SnSMilZSWSW]zEGZ>\EQ¡z<G@Y@_j[kSWGZj UWBEG
il_jcWUW]^Y[E^_jc GTiEcnG@SnSV]Za\lSª]\>ZaaGXm!4MZkZacCGE_aFHikGC2]\¡PRG@YUW]Za\t2UWBEG"SWilGXY]^_j¤iEcnZai<G`cWUW]G@S Zj'b-Z>]SnSVZ>\
ikcWZTYGXSWSWG@S_jcnGYcn]Un]Y@_jM]\ UWBEG SVZ>[EUW]Za\ Zj"UnBEG iEcWZ>zEG`F/oACBEG iE[EcnilZSVGZj"UWBk]SSVGXYyUn]Z>\ ]SUWZ
ikcWZ>ilZSVG_SW]FHikGFG`UWBEZTm_aZ>\E}/UWBEGSW_aFG ]\EG@S%UWZ SfUn[kmTQUWBEG_aSWQFiTUnZjUn]Yz<G`Bk_R]Zac%ZahSVZ>FG
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M  ¦d¦  D  D ¦ F  # -^@#0!g5 
g
E ` 5!d&[ 	C&)  	@` 1!^%	
g(0) = 0  !g`C&! -^ `- 
∫ +∞
0
| log(u)| |g′(u)| du < +∞, a unb
qUqsrt^uv&w4x





G(x) = F (log2(x)) +
∫ +∞
x







du. a u   b
 ^&! F E% 5! ` #0!g5    -"^&!4` 1  `3 o@`k&
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n ≥ 1 2
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U-F[lSfU-zlG \EZaUWG@m%UWBk_jU 2sBEG@\]UªY`_j\zlGC_jiEik]G@mF2UnBEGCFGUWBkZRmiEcnZai<Z>SWG@m"]\%UnBE]Sik_ailG@c]cnG@[E]cnG
 G@_3iaG@c_>SWSW[EFiTUn]Z>\kSxUWBk_a\UnBEG_j\l_jQ>Un]Y_aiEiEcnZ>_aY.B'H \lmTG`GXmF2UnBEGYZ>\kmT]UW]Za\kSMUnZ_jiEiEQ Zk[EzE]\E] S
ACBkG`ZacnG`F _jcnGx[E]UWGMF]\k]F _j a BE]Y.BmTZRG@S \EZjU FG@_j\UWBk_jU8UnBEG`cnGx]^S8\EZJY`Za\kmT]UW]Za\_sUC_jEbªKx\UWBEGY`Za\UWc._jcnQ32lUWBkGJ[kSWGZa8L¡G@]\UWc._j\kSVZacnF#]FiE]G@SxUWBEGHGT]^SfUnG`\kY`GJZaªUWBkGUncn_a\kSfZ>cWF#]UnSWG`dZa\ SVZ>FG
SWi<G@Y]kGXmSVUWcn]iZa'UWBkG%YZaFiEGiE_a\EGUWZ>}aG`UWBEG@c ]UWBSWZaFGM}acnZsCUWB/YZ>\kmT]UW]Za\kS_jUC]\ k\k]UfQ>
 )    % '% !- 8'
AZ iaG`G@iUnBEGik_ji<G`c"SWG`-fY`Za\Un_a]\EGXmF2<UWBE]^S"SWG@YyUn]Z>\cnG@Y@_jShUWBEGzk_>SV]^YHmTGk\k]Un]Z>\kS_j\kmcWGXSV[kU.SMY`Za\gf
Y`G`cn\E]\E}b-Za]^SWSWZa\&iEcnZTYGXSWSWG@S [lSVGXm ]\ UWBE]^Sil_ji<G`cXoPRG`G _j^SVZ <]\E}>F_a\ 9 u / ;_a\kmI8Bk_aiTUWG@cuZa
gZaz<G`cWU 9 tTu&;Zac_HFZacnG"mTGU._j]GXmiEcnG@SWG`\U._sUW]Za\ZjUWBEGXSVG"]FilZ>cVU._j\USfUnZTY.Bk_aSVUW]^YMiEcWZTY`G@SnSVGXS`
   FLD9D ¦ F  ' !d	@`3 	!	35)8
X
^	-^   E5 `E!3!g  -- ^	!d	5&! λ  ^&@&5!
P(X = n) =
λn
n!
e−λ, n ∈ N.
ACBEGZ>Zs]\E}iEcWZ>ilZSV]UW]Za\]SUWBEG"zk_>SV]^YMiEcnZai<G`cWUfQ UWBk_jUFZjUW]s_sUnG@S UWBkG"[kSVG"Zab-Za]^SnSVZ>\Uncn_a\kS$f
Z>cWF BkG`\mEG@_j]\E}]UWB&SVik]UVUn]\E} _a}>Zacn]UnBEF S` U]S_ SfUncW] iR]\E}G`G`FG`\U._jcnQ ikcWZ>ilG@cVUfQ ZjxUWBEG
b-Z>]SnSVZ>\mT]^SVUWcn]zE[EUW]Za\
M  ¦d¦  D  D ¦ F
	  	  ED `9DEF M  ¦d  X ¢   #
X
E 	   E5 !d	`3 	!	C&)   --X	!d	 &5!
λ  X 	)-)  	!d -g!d   !d	`C
)  	 .+ n !g!X	` #&! 1 ≤ i ≤ n  Xi `C&@((!g5!( #	)-)  -k
i
 !g!@7  X	!	35)8&
(Xi)
	!d*-`Cl^&@`35^  - 	

   E5`E!3!g
 -"^	!	 &&! λ/n 7
   FLD9D ¦ F    '   E5"@!d &  --=-^&^-  λ E*	 -5!d	-.+ 50/#!^&@ (tn)  #M- -!	`Cs	!	35)8& 1!^ -^	
 -^ -@&!& &[ tn+1 − tn  n ≥ 1  	!d -`Cl^&@`35^ "
  ! n ≥ 1 	@` x ≥ 0  P(tn+1 − tn ≥ x) = exp(−λx) 7
 bZ>]SnSWZa\ iEcnZRY`G@SnS
(tn)
]SJ_j^SVZ¡cnG`ikcWGXSVG@\>UnG@m _aSJ_/\EZa\gf mTGXYcnG@_aSW]\E}/]\UWG@}aG@c%s_j[EG@m [E\lYyUW]Za\
(N([0, t]), t ≥ 0) Za\ R+
BEG@cWGC2RZac
t ≥ 0 2 N([0, t]) ]S UnBEG"\R[EFz<G`cZa tn  SC]\UWBEG]\UWG`cns_j [0, t] 4
N([0, t]) = n





(N([0, t]), t ≥ 0) _acWGMZacY`Za[Ec.SVGMG@[E]s_jG`\U@
M  ¦d¦  D  D ¦ F  *   
(tn)
E 	   E&=@!d4&  -- -^&^- λ  #&! t > 0 
 -^ 	!	C&)  N([0, t]) ^	"	   E5 `E !#!g  -	!d	 &5! λ "
 `- 	)-)   
&&[ {N([0, t]) = n}   	!	35)8&
0 ≤ t1 ≤ t2 ≤ · · · ≤ tn ≤ t	k 5	 k`E!#!g  	 !d!`35!-,+ $#
n
-@`35`C&[  !g^ #&!




u     g-)  3^C&!
  $sC!- 




 !g[	 ^	[5)  2l ©ª©d©Acn_a\kS$f
_>YyUn]Z>\kSCZa\ \TZacnF _sUn]Z>\ACBEG@ZacnQ     a uX|   n3b2EtTuX|Etat / 
9 t;"ACBkZaF _aS <I8ZacnFG`\:2lI8Bk_jcnGXSC©  G`]^SVG@cnSWZa\ 2kgZa\l_j^m  Eg]>G@SVU 2 '*) +,!-." 2lL¡fA bªcnG@SnS52
I _aFzEcn]^mT}aGC2EL_aSnSW_>Y.BR[kSVG`UVU.S52<u@|>|a{E
9 / ;  >ZaBk\ yRI _ji<GU._j\k_3iR]S 2  !d%	) +,!-."M#&!o^	3C& 5!d4	3`3	 	^@&)  2R ©ª©ª© A'c._j\lSW_>YyUW]Za\lS
Z>\/ \TZacnF _sUW]Za\ACBEG`Z>cWQ *  a u@|.ns|Cb&2R\EZklq2kqj{qTqEuXqE
9 r3;bdBE]]iEilG"I _jcnFZa\k_^2ZEc@m @cW]^[EGb-GUW]U 2R_j\lmHL_jc.Y
	ªZ>c 2   k-^(`E !#!g	@`"	!1!g)  M#&! 
2&^5^	)#0!g@&@	)   #
&4X! &5& 2T© TilZ>\EG`\UW]^_j¤[k\kYyUn]Z>\k_j^SC_j\kmiEcW]\gf
Y`]il_j_a[kG@ScWG@_jUWG@m"UWZx¨ cnZs\E]^_j\"FZjUn]Z>\Q2sgG`¤sL_sUX@ z<G`cnZ>_aF/82sL_>mTcW]^mF2Ru@|>|,ng2@iEi'n / ¤u / {k
9 q; h[Ez<G`cWU vxG`^_j\E}>G32 !g! )8	#&! !g) *&" 	-! `3() 	6#&5  5
%`CX.  !d 2   G@\kSVG@] f
}>\EG`FG@\>UhL_sUWB`F _sUn][EG a u@|.njqCb2T\EZl u32 / urgnR
9   ;x]\lYG`\Uvx[EF _aS 2*Zk_azEcn]Y`G M[E]G`F]\Q2_j\km bªBE]]iEi<G gZaz<G`cWU 2 '  	!C4	 		) E  #' `3`- -34  5!d	5  !g)  ) 	 -#4"5!d	5'    	) +,!-." 2  mTs_j\kY`G@S ]\  ikiE]G@m
bdcWZ>zk_jzE]]UfQ     a tj{>{>t3b&2R\EZk uC2   q¤uau>ua
9 n;  \UWBEZ>\Q©ªiEBEcnG`F]^mTG@S_j\lm¨ cn[kYG h_jefG5i@2  4#&! 	 ! 	` 
 !g^	 @& 4
 ! 	 !g1!g" 	` !g^ 2 ©ª©ª© A'c._j\kSn_aYUW]Za\kS'Za\% \EZacnF_jUW]Za\ACBkG`ZacnQ     a uX|a|   b2\kZk   2 u Tta{E
9   ;bdBE]]iEilG Z^_sefZaGU42 '63@!d#2C- 	 !g^-,+!	 `35	-)8` 	@	) E 2d¨ fA cZac.mT]^S i AC]^mES iRcn] U
Z>c \TZacnF _sUn]Z>\kSVz<G`Bl_j\kmT]\E} a ¨ fA b *  a u@|   q3b&2R\EZk uC2uau / <u / rl
9 |;bdBE]]iEilG Z^_sefZ>G`U 2#"M_]G`c MZ>[EcnmEZa\Q2j_a\km%bªBk]]ikilGvx[EF _aS 2  &)-) -k!d	^#&!" 	` 	  4
&6	! [1!g" 2jACBkG`ZacnGUn]Y@_jTI8ZaFiE[TUnG`c PTY]G`\kY`G      a uX|a|q3b2X\EZl>u5f t2 / Tq   2sPRilGXY]^_j>Za[EFGZa\/F _sUWBkG`F _sUn]Y@_j_j\l_jQRSW]^S8Za_a}>Zacn]UnBEF S`
9 u@{;MbdBE]]iEilG Z_jefZaGU%_j\km bªBk]]ikilG  >_>Y`[EGU42 '*@	) = 4`35) #&! !d 
 !g^	 !d54
4)  2Fc  AhK  mTs_j\lYGHPEY]G`\kY`G \kSVUW]UW[TUnGPTG`cn]GXS a   g" KMmEZa\E]  ¤¨8]^_j\lYZ_a\km H PR`G@}%$^2GXmES@ b&2>PRG`cn]G@SMZ/4>I8Z>FiE[TUWG@c _j\kmHPRQTSfUnG`F SPEY]G`\kY`G@S 2jaZ>4 /   2sPTiEcW]\E}>G`c G`cn_a}^2Tu@|   ng2@iEi'atat / 
t / rl
9 uau5;MbdBE]]iEilG Z_jefZaGUJ_a\km c]}aG@8L_acVUn]\I2  !d3	35-) E!g^-,+
#&!k`3	l	 	5 	C) 	^ 2
 >Za[kcW\k_a ZjªI8ZaFiE[TUnG`chPRQTSVUWG`F S    a uX|   q3b2¤u   tEtj{>|E
9 uXt;MbdBE]]iEilG  _aY@>[kGU _a\km K ZjeVY`]GXY.BPR@ik_j\i>ZsS iR]2 '*@	) 	)I`3^E5^'&4	  	`
- (	C) 4
	  2lACBEG@ZacnGUn]Y@_j'I8ZaFiE[TUnG`chPTY`]G@\kYG * 	  a u@|>|   b&2T\EZk uTt2<u   tT
9 u / ;  l^Z <Ix<]\E}aF _a\Q2%  E5 ! &5& 2<KhRZac.mPUn[kmT]G@S]\bªcWZ>zk_jzk]]UfQC2 u@|>| / 
OQPMqROTS
 
		 !"$#%&('*) +,!-." uX|
9 u`r3;Mb-G`UWG`c6<]c.SWY.BkG`\EBEZaG`c42G`F[EUdbªcnZRmE]\E}>G`c42j_j\km?K ZjeVY`]GXY.BPR@ik_j\^iaZsSdi]2 '*	) E*$#	 ) - 4
-,+ !d4 	!E-,+ -K!dC	35-) E  !g[ -.+ 	@` 5! !d&) 	` 	) +,!-." 2%g_j\kmEZaF
PRUWcn[kYyUn[EcWGXS_j\km  }>Zacn]UnBEF S  a u@|>|   b2R\EZkkr^2 / nj|Rr>{Eu>
9 uXq;vxZa\l_j^m©[<\[EUWBQ2  ^"	! #   !gl5!6!d+3!d	
"-.+C7 [) !g  2  mEmT]^SWZa\gf KGXSVG`Q bd[Ezgf
]^SVBE]\E} I8Zl82JgG@_>mT]\k}^2%L_>SWS@ f  Z>\kmTZ>\gfvxZa\ L¡]^S 2HKx\U@ 2u@|.n / 2%PRZ>cVUn]\k} _j\km SWG@_acnY.BE]\E}[2
 mkmT]SWZa\f K G@SWG@QPRG@cW]G@SC]\I8ZaFiE[TUnG`chPTY`]G@\kYG"_j\lm \EZacnF_jUW]Za\bªcnZRY`G@SnSV]\E}l
9 u   ;(chG`Q  ]Un_3i¡_j\km K ]G`F g"<s_j\ 	¤8G`U 2  :-^
"-[-	)  !d	5)M - "`3`kl )-)85
n-5   	 5-!d5)8 2  \E\l_j^SCZj  iEiE]G@mbªcnZazk_azE]]UfQ    a tj{>{jr.b2R\EZk<tg2     u T|a{>tE
9 un; hZ>Sn_jF L  L_aBEFZa[kmF2 ) !g  $#k!d	@`3 5	!m!d 2	K ]G@Q,f5 \UWG@cnSnY]G`\lYGPRG@cW]G@SJ]\
vx]^SWY`cWG`UWGL_jUWBEG@F _sUW]^Y`Sx_j\kmKxiEUW]FH]@_jUW]Za\Q2  aZ>BE\ K ]G@Q PRZ>\kS \kYa82@cG@ 	ªZ>cdi@2u@|a|tg2 
K ]G`Q,f5 \UnG`c.SWY`]G@\kYGbª[Ezk]^Y`_jUW]Za\
9 u   ;g%dL¡GU.Y`_a"_j\km vJd¨ Za}a}S52 -^&!@&   E !#!gl`k^	3C&   -.-,+k#&! )84	)*  !gl5!@&  ! 2<I8ZaFFJ[E\E]^Y`_sUn]Z>\kSCZjUWBEG  I L 
 a uX|,n   b2R\EZln.2 / |>qRr>{ / 
9 u@|; x_j\ED@\EG8LZaBk_aFHGXm%_j\lm"bªBE]]iEi<GgZaz<G`cWU 2 ' !3	35-) E X	@	) E$#65 !d 	) +,!-." 2
 [E}a[lSfUxta{a{jr[2 .   	
	    4! 0/47 -^!	37 #!	 ∼ !d35!	[!d	3	5! 	
 4C7 ^`$# 
9 tj{;(ch]Y.BkZa^_aSbª]iEilG@\E}aG@c 2 '* &)85 &[l	!%	3@!d 	C X5 		)  (	 2>PT  L  aZ>[Ec f
\l_jZ>\L_jUWBEG@F _sUW]^Y`_a  \k_aQTSW]S *   a uX|a| / b2R\EZllqg2 u /   u <u / nCnR
9 tTu5;MbdBE]]iEilGgZaz<G`cWU 2   	 @&  ! 	` /#!^#!^ 2 PRUWZTY.Bk_aSVUW]^YL¡ZTmTG`]\E} _j\lm  ikiE]G@m
bdcWZ>zk_jzE]]UfQPTG`cn]GXS52T>Za5kqatg2kPTiEcW]\E}>G`c42.chG`f 	ªZaci@2	 a[E\kG"ta{a{ / 
9 tat;¨MªP¤ªASVQRzk_3iaZs _j\km    L¡] iRBk_ Zs@2  !d .!5!.%^	335
	C& - 	 &! 	C`3		^@&)  -- #&`C	C 2kbdcWZ>zEG@F SC \TZacnF/kA'c._j\lSVF]^SWSW]Z>\    a uX|,n   b2R\EZlTr^2 / tTqa|E
qUqsrt^uv&w4x
Unité de recherche INRIA Rocquencourt
Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Unité de recherche INRIA Futurs : Parc Club Orsay Université - ZAC des Vignes
4, rue Jacques Monod - 91893 ORSAY Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38334 Montbonnot Saint-Ismier (France)
Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)  	


  
ISSN 0249-6399
